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FOREWORD

The work reported herein was done for the Marshall Space Flight
Center (MSFC), at the request of the National Aeronautics and Space
Administration (NASA) under System 921E, Project 9064.

The results of tests presented were cbtained by ARO, Inc. (a sub-
sidiary of Sverdrup & Parcel and Associates, Inc.), contract operator of
the Arnold Engineering Development Center (AEDC), Air Force Systems
Command (AFSC), Arnold Air Force Station, Tennessee, under Contract
AF40(600)-1200. The tests were conducted intermittently within the
period from July 22 to October 11, 1966 under ARO Project No, VT1693.

The manuscript was submitted for publication on December 7, 1966.

Infomq%on in this reportiS embargoed under tl}%#ent of
State Internatlgnal Traffu:{lérl Arms¥Regulations. Tﬁh& report ma~y be
refeased to forzlgn govermments by Yepartments oY agencies of th %1
U3 S. Governmgnt subJeé: to approvay of NASA, ﬁﬁ/larshall Space Flight
Center Redston%% rseéal Alabama, %r highe ’féuthomty within the
Department of the ™ &iT Force. Private md1v1gluals or firms require a
Department of State export license. gt

This technical report has been reviewed and is approved.

James N. McCready Leonard T. Glaser
Major, USAF Colonel, USAF
AF Representative, VKF Director of Test

DPirectorate of Test
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ABSTRACT

Static force tests were conducted in the 40-in, supersonic and 12-in.
hypersonic tunnels of the von Karman Gas Dynamics Facility on models
of the Saturn V LOR and Saturn 1B/AS-206. Data were obtained at Mach
numbers 1.5 through § at angles of attack from -4 to 13 deg. The
Reynolds number, based on the booster diameter, ranged from 0.24 x 106
to 1.67 x 108, The results presented show the effects of Mach number
and model attitude on the static longitudinal stability and axial-force
characteristics.
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SECTION|
INTRODUCTION

Static force tests were conducted in the 40-in, supersonic and
12-in. hypersonic tunnels (Gas Dynamic Wind Tunnels, Supersonic (A)
and Hypersonic (E)) of the von Karman Gas Dynamics Facility (VKF),
AEDC, AFSC, to obtain the longitudinal static stability and axial-
force characteristics of the Saturn 1B/ AS-206 and the current Saturn V
Lunar Orbital Rendezvous (LOR} launch configuration.

Data were obtained at Mach numbers from 1.5 to 8 for an angle-of-
attack range of -4 to 13 deg and at Reynolds numbkers based on the
booster diameter, which ranged from 0.24 x 109 to 1.67 x 106,

SECTION Il
APPARATUS

2,1 WIND TUNNELS

Tunnel A is a continuous, closed-circuit, variable density wind
tunnel with an automatically driven flexible-plate-type nozzle and a
40- by 40-in, test section. The tunnel operates at Mach numbers from
1.5 to 6 at maximum stagnation pressures from 29 to 200 psia, re-
spectively, and stagnation temperatures up to 300°F (M_= 6). Minimum
operating pressures are about one-tenth of the maximum at each Mach
number.

Tunnel E is an intermittent, variable density wind tunnel with a
nozzle formed by contoured throat blocks and manually adjusted flexible
plates. The tunnel has a 12- by 12-in. test section and operates at
Mach numbers from 5 to 8 at maximum stagnation pressures from 400
to 1600 psia, respectively, and at stagnation temperatures up to about
800°F. Minimum operating pressures are abou{ one-fourth of the maxi-
mum.

A description of the tunnels and airflow calibration information may
be found in the Test Facilities Handbhook¥.

*Test Facilities Handbook (Sixth Edition). 'von Karman Gas
Dynamics Facility, Vol. 4." Arnold Engineering Development Center,
November 1968.
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2.2 MODELS

The models were supplied by MSFC. Two models of the Saturn V
LOR were provided, a 0. 8-percent scale model which was tested at
Mach numbers from 1.5 to 6 in Tunnel A and a 0, 3366-percent scale
model which was tested in Tunnel E at Mach numbers from 5 to 8.

The Saturn 1B/ AS-206 model was 0. 55-percent scale, The models
were provided with alternate aft body sections so that data could be ob-
tained on the Saturn V LOR without fins and engine shrouds and on the
Saturn 1B/AS-206 without fins. Model details are given in Fig. 1
{Appendix), and photographs of the models installed in the tunnels are
given in Fig. 2.

On all tests of the Saturn V LOR 0. 9-percent scale model, a
boundary-layer trip composed of a 0. 1-in. -wide band of No. 40 car-
borundum grit was located on the escape tower approximately midway
between the tip and shoulder of the conical nose. The 0.3366-percent
model was tested at Mach 5 with and without a boundary trip composed
of a single row of steel balls (0. 010-in. -diam) located at approximately
the same location on the escape tower as the trip on the 0. 9-percent
scale model. No effect of the trip was observed; therefore, the data
with trips are not presented.

2.3 INSTRUMENTATION

Model force measurements were made with six-component, moment-
type, strain-gage balances supplied and calibrated by VKF. Before the
tests, static loadings in each plane and combined static loadings were
applied to each balance which simulated the range of model loadings antici-
pated for the tests. The ranges of uncertainties listed below correspond
to the differences between the applied loads and the values calculated by
the balance equations used in the final data reduction. The minimum un-
certainties are for loads up to about 10 percent of the maximum applied
and are for loadings on the particular component only {(no combined load-
ing interaction effects). The maximum uncertzinties are for combined
loadings. Since the normal force, pitching moment, and axial force were
of primary interest, only the uncertainties for these components are
presented.



AEDC-TR-66-263

Saturn ¥ (0.9-percent Scale) - Tunnel A

Balance Design Range of Range of
Component Load Static Leading Uncertainties
Normal force, 1b 150 13 to £80 +0.02 to £0. 14
Pitching moment, in.-1lb 760 8 to £210 +0.08 to +0. 30
Axial force, 1b 75 4 to £60 10, 15 to £0. 33

Saturn ¥ (0.3366-percent Scale) and Saturn 1B (0.55-percent Scale) - Tunnel E

Balance Design Range of Range of
Component Load Static Loading Uncertainties
Normal force, lb 25 +2 to 124 10. 03 to £0. 07
Pitching moment, in.-1b 80 +8 to £75 +0. 10 to £0. 25
Axial force, 1lb 8 +1 to 16 10.01 to £0. 07

Saturn 1B (0.55-percent Scale) - Tunnel A

Balance Design Range of Range of
Component T.oad Static Loading Uncertainties
Normal force, 1b 30 12 to +20 +0. 02 to +0. 06
Pitching moment, in.-1b 66 13 to +34 0. 03 to 0. 15
Axial force, 1b 30 1 to £20 10, 01 to 0. 06

The balance used for the Tunnel E tests was cooled by a water
jacket which extended over the entire length of the balance. The for-
ward end of the Tunnel E sting was also water cooled. Balance tem-
peratures were measured by copper-constantan thermocouples and
monitored during all tests.

In Tunnel A, the base pressures were measured with transducers of
15-, 5-, and 1-psid capacity referenced to a near vacuum and are con-
sidered accurate to within 0. 25 percent of the transducer capacity. In
Tunnel E, the base pressures were measured with 5-psid transducers
referenced to an independently variable pressure system and are con-
sidered accurate to within +0. 005 psi.

A summary of the test conditions and configurations tested is given
in Table I.



£92-99-81-DQ3V

TABLE |
TEST SUMMARY
l Saturn V Saturn V Saturn V
Nornl;:inal Calill:\a;'ated Tunnel P:;a Ty, °F| Re it x 10-6 Rex 10-6 (0.9-percent Scale) | {0.3366-percent Scale) | {0.55-percent Scale)
= = P With | Without With Without With | Without
Fins Fins Fins Fins Fing Fins
1.5 1 53 A 13.5 | 100 3. 84 1. 14 X x
1.5 1,52 A 21.54 100 6.12 0,72 X X
1,75 1.76 A 23.8| 100 6. 36 0,75 X X
2,0 2.00 A 16.0] 100 3. 84 1,14 X X
2.0 2,00 A 28.2| 100 G. 84 0.81 X X
2.5 2. 4% A 18.7 100 3,60 1,07 X x
2.5 2,50 A 29,6 | 100 5. 65 0, B6 X X
3.0 3.00 A 33.1 | 100 4. 8D 1.43 X X
3.0 2,99 F: 29.9 | 1oc 4,44 0, 52 X
3.5 3.50 A 45,1 ) 1006 5. 15 1,563 X
3.5 3.50 A 40,3 | 100 4,55 0.54 X
4.0 4,02 A 60.3 | 100 5. 15 1.53 X
5.0 5.03 E 310 | 220 12.00 1.41 X X
5.0 5.04 E 328 | 230 15. 00 1,67 X X
5.0 5. 05 A 115 165 5,1% 1.53 X
6.0 5. 91 A 81| 165 2.40 0.1 X X
6.0 5,89 A 174 | 185 5. 15 0.61 X X
6.0 6. 04 E 2701 395 4_80 0. 57 X X
6.0 5. 08 E 528 420 8.76 0.97 X
7.0 7.08 E 350 | 590 3.12 0. 37 X X
7.0 7.12 E 570 625 4. 68 0.52 X X
B.0O 7.77 B 410 | 825 2.04 D, 24 X X
L 8.0 7.81 E 575 | 850 2.76 0, 31 | X X

Note: For the Saturn ¥V model without fing, the shrouds are also removed.
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SECTION i
RESULTS AND DISCUSSION

Static longitudinal stability and axial-force characteristics for
the Saturn V LOR are presented in Figs. 3 and 4. Plots of Cy, Cpp.
and C 4 versus angle of attack are given in Fig. 3, and summary plots
showing the variations with Mach number of CNa’ Cma, Xops and
CAa _ g are given in Fig. 4. Similar results for the Saturn 1B/AS-206

are presented in Figs. 5 and 6.

These results show the decrease in normal force and axial force
and the forward shift in the center-of-pressure location obtained when
the shrouds and fins are removed from the Saturn V LOR and the fins
from the Saturn 1B/AS-206. Pitching moment was essentially un-
affected by the configuration change. The decrease in axial force with
fins removed was reasonably constant with angle of attack; consequently,
these data were not included in Figs. 3¢ and Sc. It should be noted that
for the 0. 9-percent scale model at Mach 1.5, the data were obtained with
the reflected bow shock impinging on the fins to the extent noted in
Fig. 1la.

The summary plots of Figs. 4 and 6 show that the center-of-pressure
variations over the complete Mach number range (M, = 1.5 to 8) were
within 1.5 calibers (booster diameters) for the Saturn V LOR and about
1. 6 calibers for the Saturn 1B/AS-206. These data also show that good
agreement was obtained between the results from both tunnels at the Mach
numbers (M, = 5 and 6) where repeat data were taken. This is noteworthy
in the case of the Saturn V LOR when the difference in the model scales for
both tunnels is considered.

It may be noted that the axial-force results for the Saturn V LOR with
fins and shrouds removed at the higher Mach numbers (Tunnel E tests) are
not included in Fig. 4. It is believed that these data did not match the
Tunnel A results because of a small increment in axial force which was
produced by the balance cooling water lines (see Fig. 2b), which were not
as well shielded from the airstream as for the other model configuratiens.
Figure 4 also shows a noticeable decrease in CAQ, -0 for the Saturn V LOR

vehicle at M_ = 8. This can also be seen in the axial-force results of

Fig. 3c, which show a dip in the C 5 curve through « = 0 which is typical of
the results obtained when flow separation is present on a body at small
angles of attack.
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APPENDIX
ILLUSTRATIONS
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